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Abstract
Background: Quality of life (QoL) is an important aspect of wellbeing for people with chronic conditions like type 2
diabetes, making it a noteworthy outcome. Knowledge about diabetes, attitudes, and self-management of diabetes are
key factors that might directly or indirectly impact QoL. However, little is known about the inter-relationships between
diabetes knowledge, attitudes, self-management and QoL among people with type 2 diabetes mellitus (T2DM). The
aim of this study was to examine a model describing the relationship between diabetes knowledge, attitudes,
self-management, and QoL of people with T2DM that is based on previous research linking pairs of these
variables.
Methods: A cross-sectional study design was employed in this research. A total of 291 participants, 192 males and 99
females, with T2DM, whose mean age was 55.8 (standard deviation = 11.09) completed questionnaires measuring
diabetes knowledge (Diabetes Knowledge Scale), attitudes (Diabetes Integration Scale -19), self-management
(Summary of Diabetes Self-care Activities Scale), including the aspects of diet, exercise, blood glucose testing, and foot
care, and QoL (Diabetes Quality of Life Scale), comprising the aspects of satisfaction and impact on QoL respectively. To
examine the model we proposed relating these variables, data were analysed using the path analysis.
Results: In the final model, diabetes knowledge was a significant predictor for attitudes and self-management in
terms of blood glucose testing. Attitudes was a significant predictor for self-management in terms of diet. In addition,
self-management in terms of blood glucose testing was a significant predictor of impact of QoL, and self-management
in terms of diet was a significant predictor of satisfaction and impact of QoL. Self-management in terms of exercise was
a significant predictor of satisfaction in QoL. The final model reflected a good fit (χ2 (14) = 22.52, p = 0.069; CFI = 0.983;
GFI = 0.983; RMSEA = 0.046).
Conclusions: Diabetes knowledge, attitudes, and self-management are important factors that can impact the QoL
among people with type 2 diabetes.
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Background
Diabetes is a major progressive and life-threatening
disease with many complications. It is likely that
people with diabetes will experience lower levels of
quality of life (QoL) as the disease progresses. This
will affect their motivation to maintain their health.
Researchers have suggested that people with diabetes
experience a decrease in their QoL compared to
healthy individuals [1]. A number of studies have
shown the association between diabetes and
QoL [2, 3]. This is not surprising because diabetes af-
fects many important aspects of physical health, such
as vision, sensation in the extremities, kidney function,
diet, and the capacity to carry out activities of daily
living [4–6]. Diabetes progressively demands the dedi-
cation of more time to its management, including taking
oral medication, self-administering insulin injections, and
testing blood sugar level several times a day. Diabetes can
also lead to loss of personal income and productivity
due to restrictions in the amount and type of work that
people can perform, as well as early retirements due to
diabetes-related complications [7–9].
Some personal lifestyle factors are associated with
improved health in terms of QoL among people with
diabetes. The combination of reduced fat and sugar in
the diet and increased exercise have not only been
shown to improve glycosylated haemoglobin measures,
which indicate positive control of blood glucose levels
among people with diabetes, but these lifestyle changes
also improve general QoL significantly [10]. Therefore,
self-management is an important part of daily life for
people with diabetes. It has been reported that ap-
proximately 95 % of diabetes care is self-treatment or
self-management [11]. To control diabetes, individuals
must monitor their daily lifestyle behaviour and often
they must change long-held habits.
Self-management activities demand a great effort,
which many people find difficult to incorporate into
their daily life [12, 13]. Health professionals have to
recognize that long-term behaviours are very hard to
adjust or change. Thus, understanding factors that are
associated with individual diabetes self-management be-
haviours is important for health professionals. Attitudes
of people with diabetes can play an important role in
their emotional response, as well as affecting their efforts
to manage their diabetes in everyday life. Researchers
have proposed that individuals who have positive atti-
tudes toward managing their diabetes will be more likely
to adjust their self-care behaviour in order to control
their blood glucose levels than those who have negative
attitudes [14, 15].
In addition, knowledge of diabetes can become a
cornerstone in decision making on diet, exercise, blood
glucose monitoring, use of medication, weight control,
and foot care [16]. In a study to determine the manage-
ment behaviour of people with diabetes, Kamel et al. ob-
served a linear relationship between overall knowledge
level and diabetes management [17]. People with dia-
betes lacked knowledge and consequently had low levels
of self-care practices. This is expected, as specific health
information may be necessary before personal health ac-
tion is carried out. Therefore, it is important to consider
how knowledge of diabetes and attitudes of people with
diabetes can impact their self-management practices and
also their QoL.
The limited research that has been conducted typically
examined the relationship between two variables associated
with diabetes, including knowledge and attitudes [18],
knowledge and self-management [16, 17, 19, 20], attitudes
and self-management [21, 22], and self-management and
QoL [3]. In extensive literature searches, we did not identify
any previous research that has examined the relationships
between diabetes knowledge, attitudes, self-management,
and QoL among people with type 2 diabetes (T2DM) in a
single study. Most researchers examined bivariate relation-
ships between knowledge, attitudes, self-management and
QoL. A number of issues can be explored by examining all
the relationships together in one model, in which the pre-
dicted paths between the key variables are examined based
on the paths suggested by previous research on bivariate re-
lationships. Examination of all these paths at the same time
can be achieved by using a structural equation modelling
approach. Other factors such as age and duration of dia-
betes should also be considered when testing the relation-
ship between knowledge, attitudes, self-management and
QoL. This is because the age of people with T2DM diabetes
had been showed to have a relationship with diabetes
knowledge [19, 23]. Researchers have reported that dur-
ation of diabetes was associated with level of diabetes
knowledge [20]. It has also been found that people with
shorter diabetes duration were more concerned about their
management of diabetes than those with longer duration
that is, they had more positive attitudes to living with
diabetes [24].
In the present study, we aim to address the gap in
research on the inter-relationships between the key vari-
ables of knowledge, attitudes, self-management and QoL
by testing a model describing these inter-relationships,
as well as considering the influence of age and duration
of diabetes on the relationships, among people with
T2DM. Based on the review of the literature, we hypoth-
esized that knowledge is associated with more positive
attitudes, knowledge and attitudes are associated with
higher levels self-management, and, in turn, more effect-
ive self-management is related to higher levels of QoL.
For the variables of age and duration of diabetes, we
hypothesized positive associations with knowledge and
self-management. This model is depicted in Fig. 1.
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Methods
Procedure
We conducted a cross-sectional study, in which we distrib-
uted self-administered questionnaires measuring the key
variables identified in the review of literature at two hospi-
tals (The Alfred Hospital and the Western Hospital) in
Melbourne, Australia. Due to the large sample size required
in path analysis and time constraints in data collection, we
used a convenience sampling method to recruit the partici-
pants. Potential participants with T2DM were invited to
participate in the study during their visits to the hospital
for clinical appointments with their physician or diabetes
educator in the outpatient clinic. The questionnaire packs
were also sent out to people with T2DM who were identi-
fied through the patient database in the hospital and had
not been invited to participate in the study at the outpatient
clinic. Participants took approximately 30 min to complete
the demographic form and the four questionnaires and
return the completed questionnaires to the researcher. Par-
ticipants for this study were males and females, aged over
18 years. We only included individuals who were diagnosed
with T2DM by medical practitioners for at least a year and
were registered with the specific hospitals. They had to pos-
sess sufficient knowledge in English to be able to read,
understand, and answer the items in the four question-
naires. The questionnaire packs were distributed to the par-
ticipants through the hospitals. We obtained 291 usable
sets of responses by the end of the study. Participants
completed an informed consent process. No monetary
reimbursement was given to the participants. All partici-
pants were volunteers in the present study. This study was
approved by the Human Research Ethics Committee of the
Alfred Hospital, Western Hospital, and Victoria University,
Melbourne, Australia.
Participants
Participants were 291 adults with T2DM (192 males, 99
females). Participants’ ages ranged from 21 to 70 years,
with mean age of 55.8 years (SD = 11.09 years). Partici-
pants’ time since diagnosis with T2DM (duration of dia-
betes since diagnosis) ranged from 1 to 39 years, with a
mean of 11.9 years (SD = 9.01 years). Approximately half
(53.6 %) of the participants, had been treated with insu-
lin at the time of data collection. The majority of the
participants, in this study, 74.6 %, had completed at least
high school education.
Instruments
The measures included a demographic form, including
health treatment questions, and four questionnaires,
measuring diabetes knowledge, attitudes to living with
diabetes, self-management, and diabetes QoL.
The demographic form included questions about gen-
der, age, duration of diabetes since diagnosed, education
level, employment status, and type of diabetes treatment.
The Diabetes Knowledge (DKN) scale was developed
in the early 1980s. The developers reported that the
DKN has strong psychometric criteria of reliability and
validity, which meet the need for a brief measure of
diabetes knowledge [25]. The DKN scale has been used
with samples of participants ranging in age from teen-
agers to the elderly, and with individuals from a variety
of ethnic backgrounds. It is designed to be self-
administered by respondents [26]. The DKN question-
naire contains 15 multiple-choice items each related to a
basic aspect of diabetes or its treatment. A score of 1 is
assigned for a correct response and 0 for an incorrect
response. The total score is calculated by summing the
scores from the 15 items. The total scores are then
Fig. 1 Hypothesized structural model. Hypothesised structural model of age, duration of diabetes, diabetes knowledge, attitudes, self-management,
and QoL in people with type 2 diabetes
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converted to percentages. Higher scores on this measure
indicate a higher level of diabetes knowledge. The DKN
is a reliable measure of diabetes knowledge for re-
searchers investigating the relationships between know-
ledge, psychological and social factors, health status, and
metabolic control [26]. Although the DKN was devel-
oped in 1980s, it is still widely used by researchers
across different countries (e.g., [27–30]).
The Diabetes Integration Scale-19 (ATT19) is a short
version of the ATT39, measuring psychological adjust-
ment and attitudes toward diabetes using a 19-item self-
report questionnaire [31]. There are 19 self-report atti-
tudinal items. Participants rate their agreement or
disagreement with each item on a 5-point Likert scale
ranging from 1 (I disagree completely) to 5 (I agree com-
pletely). Sixteen items are reverse scored (i.e., items 1, 2,
3, 4, 5, 6, 7, 8, 9, 10, 12, 13, 14, 16, 17, and 19), so a high
score on these items reflects a positive attitude toward
having diabetes and better adjustment compared to
lower scores. The aggregate score of ATT19 was ob-
tained by adding up the scores from all the 19 items.
The internal consistency of the ATT19 is alpha = 0.84
[31]. The ATT19 has been broadly utilised by re-
searchers in measuring attitude of people to having dia-
betes as a reflection of psychological adjustment to
living with the condition (e.g., [30, 32–36]).
The Summary of Diabetes Self-Care Activities (SDSCA)
is a brief, 7-day, self-report measure of the frequency
of conducting a number of key diabetes self-care activ-
ities [37]. The SDSCA consists of 11 core items asses-
sing self-management behaviour in diet, exercise, blood
glucose testing, foot care, and smoking status. Average
scores are calculated for each of the four areas assessed
by the SDSCA. The average inter-item correlations of the
SDSCA subscales generally exceeded 0.5 and were con-
sidered to be high [38]. The SDSCA self-administered
questionnaire was also considered to be the most clinical
practical and cost-effective approach to self-care as-
sessment [37]. Researchers have frequently used the
SDSCA questionnaire, particularly in measuring dia-
betes self-management behaviours among people with
T2DM (e.g., [39–43]).
The Diabetes Quality of Life questionnaire (DQoL)
was developed in the early 1980s and was intended to
evaluate the relative burden of an intensive diabetes
treatment regimen in the Diabetes Control and Compli-
cations Trial (DCCT) [44]. The DCCT Research Group
contributed their expertise in the development of this
measure and the items were derived from the literature
on psychosocial aspects of diabetes, as well as from in-
put from patients and clinicians, diabetologists, diabetes
educators, nurses, and mental health professionals famil-
iar with diabetes then, repeatedly reviewed the DQoL
measure [44]. The DQoL questionnaire used in this
study contains 35 self-report items with 15 items meas-
uring satisfaction, 20 items measuring impact. Answers
are given on a 5-point Likert scale rated from 1 (very
satisfied, no impact) to 5 (very dissatisfied, very im-
pacted). High scores on the satisfaction scale reflect high
levels of satisfaction related to treatment, self-
management, social, and physical functioning and, thus
reflect high QoL. High scores on the impact scale indi-
cate high levels of impact related to adverse diabetes
events, restrictions to social and physical functioning
and, thus reflect low QoL. The total score is calculated
by summing the scores from each of the items for satis-
faction and items for impact and then converting the
total to a percentage. The DQoL is a reliable and valid
tool in measuring diabetes QoL. It has high test-retest
correlations in the 0.78 to 0.92 range in both adults and
adolescents with diabetes [45]. In the past 10 years, the
DQoL scale has been translated into different languages
and used by researchers in different countries, including
Hong Kong (Chinese version) [46], Taiwan (Chinese
version) [47], Thailand (Thai version) [48], and Turkey
(Turkish version) [49].
Statistical analyses
The data was entered into the Statistical Package for the
Social Sciences (SPSS) version 20.0. In the data set, there
were more male than female participants. Therefore,
preliminary analysis on gender differences were first car-
ried out using independent t-test on all study variables.
Then, the descriptive statistics was used to describe the
study variables. Correlations were used to explore the
strength of the relationship between the study variables.
Duration of diabetes since diagnosis, age of participants,
diabetes knowledge, attitudes, and four aspects of self-
management (diet, exercise, blood glucose testing, and
foot care), and two subscales of DQoL (satisfaction and
impact) were examined.
A Parsimonious model is aimed at and preferred in
path analysis [50]. Therefore, the significant correlations
of the variables were taken into consideration when the
initial hypothesed path model was developed. Using
structural equation modelling (SEM) techniques, path
analyses were conducted using the Analysis of Moment
Structures (AMOS) version 17.0 software. Several fit in-
dices were considered to determine the goodness-of-fit
of the path model. The statistics included chi-squared
statistics, with a desired value of p > 0.05, the root mean
square error of approximation (RMSEA), with a desired
value of less than 0.05, the comparative fit index (CFI)
and goodness of fit index (GFI) with desired values of
greater than 0.95 [51]. After obtaining the final path
model, the significance of the indirect effect of diabetes
knowledge on QoL was examined through other vari-
ables. This was done by requesting AMOS to determine
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the significance level (p-value) of the indirect effects by
performing bootstrapping in the modelling analysis [51].
Results
Characteristics of participants
The gender of participants in this study included more
males (n = 192, 66 %) than females (n = 99, 34 %). Never-
theless, the preliminary analyses on gender differences
on all study variables indicated that there were no statis-
tically significant gender differences on any of the study
variables included in the study. Therefore, all data was
used for subsequent analyses. Other descriptive statistics
are presented in Table 1. On average, the participants
scored above the midpoint on all measures except for
impact of DQoL scale. For the impact of DQoL scale,
the low score on impact indicates a relatively high level
of diabetes QoL. Thus participants generally experienced
high satisfaction for and low impact of QoL, that is, they
reported positive QoL. Participants also generally scored
higher in terms of the self-management of diet and
blood glucose testing compared to exercise and foot care
(see Table 1).
Relationship between variables
Correlations between the study variables are presented
in Table 2. The significant correlation coefficients range
from r = −.12 to r = −.59. The strongest correlations were
shown between satisfaction and impact, which measure
QoL of T2DM. The higher was the levels of satisfaction
of individuals in regard to their QoL, the lower was the
impact of QoL. Strong correlations were also shown
between attitudes and impact of QoL and between
attitudes and satisfaction with QoL. A moderate correl-
ation was also shown between self-management of diet
and satisfaction with QoL. There were significant negative
correlations between age and diabetes knowledge, and
Table 1 Participants characteristics (n = 291)
Mean (SD) Potential
range
(midpoint)
Number of
participant
(percentage)
Age (years) 55.8 (11.09)
Duration of Diabetes since
diagnosis (in years)
11.9 (9.01)
Education background:
Less than high school 74 (25.4 %)
High school 111 (38.2 %)
College 46 (15.8 %)
University 60 (20.6 %)
Type of treatments:
Diet 25 (8.6 %)
Diet & tablet 110 (37.8 %)
Diet & Insulin 84 (28.9 %)
Diet, tablet, & insulin 72 (24.7 %)
Diabetes knowledge 61.7 (19.61) 0 – 100 (50)
Attitudes 63.4 (11.68) 19-95 (57)
Self-management:
Diet 4.8 (1.56) 0-7 (3.5)
Exercise 3.5 (2.26) 0-7 (3.5)
Blood glucose testing 4.9 (2.49) 0-7 (3.5)
Foot care 3.4 (2.58) 0-7 (3.5)
Quality of life:
Satisfaction 65.3 (17.60) 0-100 (50)
Impact 28.5 (14.32) 0-100 (50)
Table 2 Correlation of study variables (n = 291)
Variable 1 2 3 4 5 6 7 8 9 10
1. Age 1 .294** −.155** .089 .156** −.064 .153** .170** .181** −.067
2. Duration of diabetes since diagnosis (in years) 1 .205** −.055 .048 −.119* .205** .173** .001 .115
3. Diabetes knowledge 1 .252** .083 .090 .154** .095 .001 −.006
4. Attitudes 1 .233** .091 .107 .020 .503** −.503**
5. SM-Diet 1 .290** .380** .248** .419** −.216**
6. SM-Exercise 1 .023 .111 .307** −.134*
7. SM-Blood glucose testing 1 .211** .201** .018
8. SM-Foot care 1 .128* .027
9. Quality of life – Satisfaction 1 −.590**
10. Quality of life - Impact 1
SM self-management
*p < .05
**p < .01
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duration of diabetes since diagnosis and self-management
of exercise.
Structural model
The hypothesized relationships based on the empirical
findings from previous research were illustrated in Fig. 1.
They were reviewed in the Background section and then
summarized at the end of that section. Due to the
multidimensional nature of self-management, the dif-
ferent aspects of self-management are assessed separ-
ately [37, 38]. Therefore, in this study the four aspects
of self-management, namely diet, exercise, blood glu-
cose testing, and foot care, were treated as distinct vari-
ables in the model. Based on the literature review and
results from the correlation analysis in this study, the ini-
tial hypothesized model was developed and illustrated in
Fig. 2. The initial hypothesized model did not result in a
good fit to the data (χ2 (26) = 229.49, p < 0.001; RMSEA =
0.164; CFI = 0.612; GFI = 0.867). In evaluation of each of
the 19 path relationships in the initial hypothesized
model, some paths were not significant and one variable,
foot care contributes to the poor fit of the model. After
considering the results of the initial hypothesized model
and theoretical issues, some modifications were made.
Path relationships that were not significant were removed
and variable that contributed poor fit of the model was
omitted, and some additional path relationships were
added to the model. The non-significant paths which
were removed were pathways linking exercise to impact,
blood glucose testing to satisfaction, and foot care to sat-
isfaction in QoL of T2DM. Adequate theoretical support
was identified to investigate the new path relationships
suggested by the modification index. These paths were
added into the model one at a time and the model was
re-tested each time a new path was added. Any variable
that did not contribute as a significant predictor was also
removed from Model 2. Thus, foot care was removed
from the model as it did not contribute as a predictor for
DQoL variables. Arrows that represent correlations
between duration of diabetes since diagnosis and age,
satisfaction and impact, diet and exercise, diet and blood
glucose testing were introduced to the final path model.
Fig. 2 Initial structural model. Initial structural model of age, duration of diabetes, diabetes knowledge, attitudes, self-management, and QoL in
people with type 2 diabetes. Path loadings are standardized path coefficient. *p < 0.05
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The fit indices for the final model resulted in good fit
(χ2 (14) = 22.52, p = 0.069; RMSEA = 0.046; CFI = 0.983;
GFI = 0.983). The regression coefficients between the
variables were improved and all paths were significant
and theoretically important.
In the final model as depicted in Fig. 3, more positive
attitudes and greater self-management of diet directly
enhance satisfaction and reduce the impact of QoL. Self-
management in terms of more frequent blood glucose
testing directly affects the impact of QoL, increasing
impact, whereas higher levels of exercise directly in-
crease satisfaction of QoL. Besides, attitudes was signifi-
cant affects diet, with higher level of positive attitudes
directly increase the self-management in terms of diet.
Knowledge was significant affects attitudes and blood
glucose testing, with higher level of knowledge directly
increase the level of positive attiudes and more frequent
in self-management in terms of blood glucose testing.
Knowledge did not directly affect diabetes QoL. Fur-
ther analysis was conducted to examine the indirect
relationship between knowledge and diabetes QoL.
The result shows that knowledge affects satisfaction of
diabetes QoL indirectly through attitudes (p = 0.011)
and affects impact of diabetes QoL indirectly through
self-management in terms of blood glucose testing
(p = 0.007).
Discussion
The present study provides valuable insight into the use
of path analysis which is an extension of multiple regres-
sions for testing the hypotheses in data related to dia-
betes knowledge, attitudes, self-management, and QoL
among people with T2DM. It is different from other
traditional regression analysis where only one hypothesis
and dependent variable could be tested. Path analysis
which is the family of SEM, allows for exploration of the
web of relationships between levels of diabetes know-
ledge, attitudes, self-management, QoL, and extraneous
variables, such as age and duration of diabetes, among
people with T2DM in one single model. In other words,
it tests multiple hypotheses in one single path model
which was the highlight of the present study.
In this study, we identified a significant relationship
between diabetes knowledge and blood glucose testing.
This yields an important insight for health care pro-
viders, which indicates that we should continue to edu-
cate people with T2DM about the effects of diabetes and
how to manage their diabetes to minimise its impact. To
Fig. 3 Final structural model. Final structural model of age, duration of diabetes, diabetes knowledge, attitudes, self-management, and QoL in
people with type 2 diabetes. Path loadings are standardized path coefficient. *p < 0.05
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achieve this it is necessary to find additional ways to
increase the knowledge that people have about their dia-
betes and especially about self-management. By increas-
ing their diabetes knowledge, people with T2DM may
learn to maintain good control of their blood glucose
level, which can prevent other complications related to
diabetes. Although, there was no direct significant rela-
tionship between diabetes knowledge and QoL in the
present study, we found that knowledge affected QoL
indirectly through attitudes to living with diabetes and
self-management in terms of blood glucose testing. Al-
though, some researchers had reported the non-
significant result [3, 52] between knowledge and QoL,
the present study gave a different insight that know-
ledge about diabetes did not directly impact on QoL
but indirectly impact QoL through other indicators such
as attitudes and self-management in terms of blood
glucose testing.
The final path model indicates that more positive atti-
tudes led to more regular diet self-management. There is
a possibility that attitudes can be affected by certain
symptoms of depression, influencing self-management
behaviours, such as diet. Researchers have shown that
symptoms of depression were related to negative atti-
tudes and health behaviour, including poorer self-efficacy
for diet [53]. Thus, it is important to create more positive
attitudes to managing diet, which will then lead to more
effective actual management of diet. The present results
indicate that people with T2DM who had more positive
attitudes to living with diabetes were more likely to have
higher levels of QoL than those who had negative
attitudes. This supports the results found by Menard et
al. in a randomized controlled trial study, where after
12 months of intervention, a positive relationship be-
tween attitudes and QoL was observed among the partic-
ipants with T2DM [3]. This provides important insight
for health care providers that enhancing positive attitudes
among people withT2DM has the potential to increase
their QoL for living with diabetes.
In the final model, we excluded the variable foot care,
which is part of self-management, and this improved the
fit of model. Among the four components of self-
management practices, foot care had the lowest mean
(3.38; being practised on average 3 times over the past
7 days) for self-reported self-management. This indicates
that, in general, participants reported practising the
other aspects of self-management more regularly than
foot care to control their illness and its impact. This
may be because little education is provided to people
with T2DM regarding foot self-care, particularly for
those people who are considered at low risk of develop-
ing diabetes-related foot complications [54]. It is widely
acknowledged that proper foot self-care is not carried
out by the majority of people with T2DM [55]. Further
research should be conducted to understand what influ-
ences the relatively low level of attention paid to foot-
care by people with T2DM, so that foot care awareness
among people with T2DM can be increased through ap-
propriate education and interventions implemented by
appropriate health care providers.
The final model in the present study indicated that
more regular diet self-management led to higher levels
of satisfaction with treatment and lower levels of impact
of diabetes, which both reflect more positive QoL. In this
study, it also showed that more regular self-management
of exercise led to higher levels of satisfaction with treat-
ment in QoL. In another study using regression analysis,
Smith and McFall also reported that exercise was associ-
ated with improved QoL among people with diabetes
[56]. However, there was no significant path relationship
between exercise and impact of QoL in the present study.
People with health problems associated with T2DM, such
as foot pain and injury, may face challenges adhering to
daily exercise routines. Thomas et al. reported that some
people with T2DM worried that their exercise could lead
to deterioration in their health and create unpleasant
feelings. Thus, people with T2DM may perceive that
exercising does not have an important impact on their
QoL. Moreover, people with diabetes have been found to
undertake less physical activity than people without
diabetes [57]. Hence, people with T2DM who exercise
regularly to improve their health may experience more
satisfaction than those with T2DM who do not do as
much exercise because they are able to do exercise re-
gardless of their diabetes condition.
This study also yielded interesting findings that more
regular self-management in terms of blood glucose test-
ing was associated with higher impact of diabetes among
people with T2DM. These results support the study by
Franciosi et al. who found that self-monitoring of blood
glucose is associated with psychological burden among
people with T2DM [58]. They explained that self-
monitoring blood glucose more than one time per day
was significantly related to higher levels of distress,
worries, and depressive symptoms. This may explain the
positive relationship between blood glucose testing and
impact of QoL found in the present study.
During the validation of a new knowledge scale for
people with T2DM, Rothman et al. found that a higher
level of knowledge about diabetes was positively corre-
lated with duration of diabetes, which was also found in
the present study [59]. In other words, people with
greater knowledge about diabetes had been diagnosed
with T2DM for longer, so they had more time to accrue
knowledge from a variety of sources, such as medical
practitioners, clinics, diabetes support organisations, and
health literature. In the present study, longer duration of
diabetes since diagnosis was associated with more
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regular self-management in terms of blood glucose test-
ing, but the reverse was found to be the case for self-
management in exercise. This yielded the interesting
finding that people with longer duration of diabetes
since diagnosis were less likely to participate in exercise
regularly than those who had shorter duration of dia-
betes since diagnosis. In terms of age, the present results
are parallel with other studies where younger age pre-
dicted greater diabetes knowledge [17, 60].
In addition, the path analysis revealed that age and dur-
ation of diabetes since diagnosis were significant predic-
tors of diabetes knowledge. Those who were older were
reported to have lower level of diabetes knowledge than
those who were younger. However, those who had longer
duration of diabetes since diagnosis were reported to
have higher level of diabetes knowledge than those who
had shorter duration of diabetes. It is reasonable to ex-
pect that longer duration of T2DM would be associated
with greater age. This is also shown in the final path
model where duration of diabetes since diagnosis was
positively correlated with age. This has the appearance of
a paradox. However, examination of the scatter plot for
age and duration independently from other variables,
indicated that the correlation is small. Similarly, the scat-
ter plots for age and knowledge and for duration and age
reflect small correlations with almost rectangular distri-
butions of points. Thus, the opposite directions of these
small correlations should be treated with caution.
Several limitations to this study should be noted.
Cross-sectional design was used in this study. Causal re-
lationships between diabetes QoL and other variables
cannot be assumed. In addition, the sampling method
was based on convenience sampling and participants
were volunteers. Thus, it is unclear to what extent these
results can be generalised to other people especially
those with severe diabetes complications who could not
participate in the current self-report research. It is im-
portant to clarify that the sample in this study is gener-
ally well-adjusted of people with T2DM, who are treated
as outpatients in the hospitals. Thus, conclusions about
the study need to be carefully drawn and limited to a
population defined by these characteristics.
Further research
In the present study, we did not measure the number of
complications that participants had, which research has
shown can affect their QoL [61–63]. Participation in this
research was based on volunteering. Therefore, people
with serious complications may or may not have partici-
pated in this research by choice or circumstances. For
example, in the present study, people with T2DM and
with serious or multiple complications, could be forced
to stay at home, so they may not have been able to
complete the questionnaires and send them back to the
researchers. Those who had serious and multiple com-
plications and were not able to participate in the present
study may show different relationships between the key
variables in this study. Two questions to be considered
in further research arise from this observation. First, it is
important to know whether people with T2DM with
multiple complications have less diabetes knowledge,
more negative attitudes to T2DM, less regular self-
management of T2DM, and lower levels of QoL of
T2DM than those who do not have complications. For
example, individuals with T2DM who have also suffered
other complications, such as heart disease, stroke, per-
ipheral vascular disease, and vision disorders may ex-
perience more negative attitudes to T2DM and lower
levels of QoL of T2DM. It would be interesting to exam-
ine how diabetes related complications affect the study
variables in this research. Second, it would be interesting
to examine whether the same pathway relationships
between diabetes knowledge, attitudes to T2DM, self-
management of T2DM, and QoL of T2DM arise for
those who do have multiple diabetes complications. Out-
comes from such research will have implications for
ways to improve the self-management of T2DM and
increase the level of QoL of T2DM among people with
T2DM and complications or comorbidities.
Another perspective from which to consider the re-
lationship of QoL with other variables in the present
research is reversing the direction of the relationships.
QoL could be of direct importance to the self-
management of T2DM. It is possible that people with
higher levels of QoL will have greater motivation to
learn more about T2DM, thus, this should increase
their knowledge. Having higher QoL could also en-
hance the attitudes of people with T2DM. This could
occur because high QoL encourages people to seek
further knowledge and increased knowledge leads to
more positive attitudes, as suggested in the path ana-
lysis in the present research. Additionally, QoL could
directly impact attitudes because having higher QoL
gives people a more positive view of life, including the
way they feel about coping with their diabetes. People
with more positive experience of well-being and higher
QoL could possibly do more self-management activities
to maintain their health status or limit the negative phys-
ical impact of diabetes. Thus, researchers could examine
the relationship between QoL and the other key variables
both by reversing the paths in a cross-sectional model
similar to the present model, and through longitudinal
data analysis. This can be achieved by following up
participants over time with repeated measures of each
variable of interest. Therefore, the effect of QoL on
knowledge, attitudes, and self-management could be
examined more thoroughly. As measures are taken at
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different times, interventions could be added to examine
the changes of these variables prospectively, which would
add more value to the two studies suggested above. In
such analyses, it is would be useful to examine the role of
variables such as duration of diabetes since diagnosis ans
severity of diabetes as moderator variables. For example,
although we found that greater knowledge about diabetes
predicted more frequent glucose testing, individuals with
good control of their blood glucose, that is, lower sever-
ity, might not need to test it so regularly, although their
level of control might result from superior knowledge.
Conclusions
In the present study, the final model revealed that prac-
tising self-management more regularly in relation to
diet, exercise, and having more positive attitudes led to
higher levels of satisfaction in QoL among people with
T2DM. Similarly, practising diet self-management more
regularly, and having more positive attitudes led to lower
levels of negative impact of QoL among people with
T2DM. Improving self-management in diet, exercise and
encouraging more positive attitudes to living with dia-
betes should improve QoL among people with T2DM in
Australia. Ensuring people with T2DM have high QoL is
a laudable goal in its own right and is consistent with
our conviction that people with T2DM should aim for
the highest QoL they can achieve.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
YCK and TM developed the concept and design of the study. YCK
conducted the study, participated in data collection, analysed and
interpreted the data. YCK and TM drafted the original manuscript. TM
provided critical revisions to the manuscript. EB and HS participated in the
data analysis and helped draft the manuscript. All authors read and
approved the final manuscript.
Acknowledgements
This work was supported by Universiti Sains Malaysia Short Term Grant
(Grant Scheme No. 304/PPSP/61313082). The authors wish to acknowledge
the staff members in the Alfred hospital and the Western hospital for their
assistance in the data collection, and the T2DM people who participated in
this research.
Author details
1College of Sport and Exercise Science, Victoria University, Melbourne,
Australia. 2Unit of Biostatistics and Research Methodology, School of Medical
Sciences, Universiti Sains Malaysia, Kelantan, Malaysia. 3College of Business,
Victoria University, Melbourne, Australia.
Received: 29 April 2015 Accepted: 14 July 2015
References
1. Earnshaw VA, Quinn DM. The impact of stigma in healthcare on people
living with chronic illnesses. J Health Psychol. 2011;17:157–68.
2. Goldney RD, Phillips PJ. Diabetes, depression, and quality of life. Diabetes
Care. 2004;27:1066–70.
3. Menard J, Payette H, Dubuc N, Baillargeon JP, Maheux P, Ardilouze J. Quality
of life in type 2 diabetes patients under intensive multitherapy. Diabetes
Metab. 2007;33:54–60.
4. Centers for Disease Control and Prevention. National diabetes statistics
report: estimates of diabetes and its burden in the united states, 2014.
Atlanta, GA: U.S: Department of Health and Human Services; 2014.
5. Hirai FE, Tielsch JM, Klein BE, Klein R. Ten-year change in vision-related
quality of life in type 1 diabetes: wisconsin epidemiologic study of diabetic
retinopathy. Ophthalmology. 2011;118:353–8.
6. Redmond CL, Bain GI, Laslett LL, McNeil JD. Deteriorating tactile sensation
in patients with hand syndromes associated with diabetes: a two-year
observational study. J Diabetes Complicat. 2012;26:313–8.
7. American Diabetes Association. Economic costs of diabetes in the U.S. in
2012. Diabetes Care. 2013;36:1033–46.
8. Breton M-C, Guenette L, Amiche MA, Kayibanda J-F, Gregoire J-P, Moisan J.
Burden of diabetes on the abilityto work. Diabetes Care. 2013;36:740-9.
9. Schofield D, Cunich MM, Shrestha RN, Passey ME, Veerman L, Callander EJ,
et al. The economic impact of diabetes through lost labour force
participation on individuals and government: evidence from a
microsimulation model. BMC Public Health. 2014; doi:10.1186/1471-2458-14-
220.
10. Kaplan RM, Hartwell SL, Wilson DK, Wallace JP. Effects of diet and exercise
interventions on control and quality of life in non-insulin-dependent
diabetes mellitus. J Gen Intern Med. 1987;2:220–8.
11. Heinrich E, Diabetes self-management. Strategies to support patients and
health care professionals, PhD thesis. Maastricht, The Netherlands:
Maastricht University; 2011.
12. Chawla K, Kalra S, Kalra B. Role of psychology in diabetes management.
Internet JEndocrinol. 2009;6:1.
13. Glasgow RE, Eakin EG. Issues in diabetes self-management. In: Shumaker SA,
Schron EB, Ockene JK, McBee WL, editors. The handbook of health behavior
change. New York: Springer; 1998. p. 435–61.
14. Dunn SM. Rethinking the models and modes of diabetes education. Patient
Educ Couns. 1990;16:281–6.
15. Masaki Y, Okada S, Ota Z. Importance of attitude evaluation in diabetes
patient education. Diabetes Res Clin Pr. 1990;8:37–44.
16. Murata GH, Shah JH, Hoffman RM, Wendel CS, Adam KD, Solvas PA, et al.
Intensified blood glucose monitoring improves glycemic control in stable,
insulin-treated veteras with type 2 diabetes: the diabetes outcomes in
veterans study (DOVES). Diabetes Care. 2003;26:1759–63.
17. Kamel NM, Badawy YA, El-Zeiny NA, Merdan IA. Sociodemographic
determinants of management behaviour of diabetic patients part II.
Diabetics’knowledge of the disease and their management behavior. East
Mediterr Health J. 1999;5:974–83.
18. Asmamaw A, Asres G, Negese D, Fekadu A, Assefa G. Knowledge and
attitude about diabetes mellitus and its associated factors among people in
Debre Tabor town, Northwest Ethiopia: cross sectional study. Science.
2015;3:199–209.
19. Rafique G, Azam SI, White F. Diabetes knowledge, beliefs and practices
among people with diabetes attending a university hospital in Karachi.
Pakistan East Mediterr Health J. 2006;12:590–8.
20. Yun LS, Hassan Y, Aziz NA, Awaisu A, Ghazali R. A comparison of knowledge
of diabetes mellitus between patients with diabetes and healthy adults: a
survey from north Malaysia. Patient Educ Couns. 2007;69:47–54.
21. Ambigapathy R, Ambigapathy S, Ling HM. A knowledge, attitude and
practice (KAP) study of diabetes mellitus among patients attending Klinik
Kesihatan Seri Manjung. NCD Malaysia. 2003;2:6–16.
22. Tang J, Chan C, Chan NF, Ng CB, Tse K, Lau L. A survey of elderly diabetic
patients attending a community clinic in Hong Kong. Patient Educ Couns.
1999;36:259–70.
23. Tham KY, Ong JJY, Tan DKL, How KY. How much do diabetic patients know
about diabetes mellitus and its complications? Ann Acad Med Singapore.
2004;33:503–9.
24. Gåfvels C, Lithner F, Börjeson B. Living with diabetes: relationship to gender,
duration and complications. A survey in northern Sweden. Diabetic Med.
1993;10:768–73.
25. Dunn SM, Bryson JM, Hoskins PL, Alford JB, Handelsman DJ, Turtle JR.
Development of the Diabetes Knowledge (DKN) scales: forms DKNA, DKNB,
and DKNC. Diabetes Care. 1984;7:36–41.
26. Beeney LJ, Dunn SM, Welch G. Measurement of diabetes knowledge - the
development of the DKN scales. In: Bradley C, editor. Handbook of
Kueh et al. Health and Quality of Life Outcomes  (2015) 13:129 Page 10 of 11
psychology and diabetes. Australia: Harwood Academic Publishers; 1994.
p. 159–90.
27. Channon SJ, Smith VJ, Gregory JW. A pilot study of motivational
interviewing in adolescents with diabetes. Arch Dis Child. 2003;88:680–3.
28. Ciechanowski PS, Katon WJ, Russo JE, Walker EA. The patient-provider
relationship: attachment theory and adherence to treatment in diabetes.
Am J Psychiatry. 2001;158:29–35.
29. Santos FRM, Bernardo V, Gabbay MAL, Dib SA, Sigulem D. The impact of
knowledge about diabetes, resilience and depression on glycemic control: a
cross-sectional study among adolescents and young adults with type 1
diabetes. Diabetol Metab Syndr. 2013;5:55.
30. Torres HC, Franco LJ, Stradioto MA, Hortale VA, Schall VT. Evaluation of a
diabetes education program. J Public Health. 2009;43:1–8.
31. Welch G, Beeney LJ, Dunn SM, Smith RBW. The development of the
diabetes integration scale: a psychometric study of the ATT39. Multivar Exp
Clin R. 1996;11:75–88.
32. Cooper H, Booth K, Gill G. A trial of empowerment-based education in type
2 diabetes- global rather than glycaemic benefits. Diabetes Res Clin Pract.
2008;82:165–71.
33. Dempster M, McCarthy T, Davies M. Psychological adjustment to Type 2
diabetes and relationship quality. Diabet Med. 2011;28:487–92.
34. New N. Teaching so they hearusing a co created diabetes self management
education approach. J Am Acad Nurse Pract. 2010;22:316–25.
35. Rickheim PL, Weaver TW, Flader JL, Kendall DM. Assessment of group versus
individual diabetes education. Diabetes Care. 2002;25:269–74.
36. Sridhar G, Madhu K, Veena S, Madhavi R, Sangeetha B, Rani A. Living
with diabetes: Indian experience. Diabetes Metab Syndr Clin Res Rev.
2007;1:181–7.
37. Toobert DJ, Hampson SE, Glasgow RE. The summary of diabetes self-care
activities measure. Diabetes Care. 2000;23:943–50.
38. Toobert DJ, Glasgow RE. Assessing diabetes self-management: the summary
of diabetes self-care activities questionnaire. In: Bradley C, editor. Handbook
of psychology and diabetes. Australia: Harwood Academic Publishers; 1994.
p. 351–78.
39. Lin EHB, Katon W, Von Korff M, Rutter C, Simon GE, Oliver M, et al.
Relationship of depression and diabetes self-care, medication adherence,
and preventive care. Diabetes Care. 2004;27:2154–60.
40. Osborn CY, Amico KR, Cruz N, O’Connell AA, Perez-Escamilla R, Kalichman
SC, et al. A brief culturally tailored intervention for puerto ricans with type 2
diabetes. Health Educ Behav. 2010;37:849–62.
41. Shigaki C, Kruse RL, Mehr D, Sheldon KM. Motivation and diabetes
self-management. Chronic Illn. 2010;6:202–14.
42. Smith S, Paul G, Kelly A, Whitford DL. Peer support for patients with
type 2 diabetes: Cluster randomised controlled trial. BMJ. 2011.
doi:10.1136/bmj.d715.
43. Tang TS, Brown MB, Funnell MM, Anderson RM. Social support, quality of
life, and self-care behaviors among African Americans with type 2 diabetes.
Diabetes Educ. 2008;34:266–76.
44. Jacobson AM, DCCT Research Group. The diabetes quality of life measure.
In: Bradley C, editor. Handbook of psychology and diabetes. USA: Harwood
Academic Publishers; 1994. p. 65–88.
45. Diabetes Control and Complications Trial Research Group. Reliability and
validity of a diabetes quality of life measure for the Diabetes Control and
Complications Trial (DCCT). Diabetes Care. 1988;11:725–32.
46. Shiu ATY, Thompson DR, Wong RYM. Quality of life and its predictors
among Hong Kong Chinese patients with diabetes. J Clin Nurs.
2008;17:125–32.
47. Huang IC, Liu JH, Wu AW, Wu MY, Leite W, Hwang CC. Evaluating the
reliability, validity and minimally important difference of the Taiwanese
version of the diabetes quality of life (DQOL) measurement. Health Qual Life
Outcomes. 2008;6:87.
48. Wattana C, Srisuphan W, Pothiban L, Upchurch SL. Effects of a diabetes self
management program on glycemic:control, coronary heart disease risk, and
quality of life among Thai patients with type 2 diabetes. Nurs Health Sci.
2007;9:135–41.
49. Yildirim A, Akinci F, Gozu H, Sargin H, Orbay E, Sargin M. Translation, cultural
adaptation, cross-validation of the Turkish diabetes quality-of-life (DQOL)
measure. Qual Life Res. 2007;16:873–9.
50. Byrne BM. Structural equation modelling with AMOS: basic concepts,
applications and programming. London: Lawrence Erlbaum Associates,
Publishers; 2001.
51. Kline RB. Principles and practice of structural equation modeling. 3rd ed.
London: The Guilford Press; 2011.
52. O’Neil KJ, Jonnalagadda SS, Hopkins BL, Kicklighter JR. Quality of life and
diabetes knowledge of young persons with type 1 diabetes: Influence of
treatment modalities and demographics. J Am Diet Assoc. 2005;105:85–91.
53. Jaser SS, Holl MG, Jefferson V, Grey M. Correlates of depressive symptoms in
urban youth at risk for type 2 diabetes mellitus. J School Health.
2009;79:286–92.
54. Mclnnes A, Jeffcoate W, Vileikyte L, Game F, Lucas K, Higson N, et al. Foot
care education in patients with diabetes at low risk of complications: a
consensus statement. Diabetic Med. 2010;28:162–7.
55. Bell RA, Arcury TA, Snively BM, Smith SL, Stafford JM, Dohanish R, et al.
Diabetes foot self-care practices in a rural triethnic population. Diabetes
Educ. 2005;31:75–83.
56. Smith DW, McFall SL. The relationship of diet and exercise for weight
control and the quality of life gap associated with diabetes. J Psychosom
Res. 2005;59:385–92.
57. Thomas N, Alder E, Leese GP. Barriers to physical activity in patients with
diabetes. J Postgrad Med. 2004;80:287–91.
58. Franciosi M, Pellegrini F, De Berardis G, Belfiglio M, Cavaliere D, Di Nardo B,
et al. The impact of blood glucose self-monitoring on metabolic control
and quality of life in type 2 diabetic patients. Diabetes Care. 2001;24:1870–7.
59. Rothman RL, Malone R, Bryant B, Wolfe C, Padgett P, DeWalt DA, et al. The
spoken knowledge in low literacy in diabetes scale: a diabetes knowledge
scale for vulnerable patients. Diabetes Educ. 2005;31:215–24.
60. Firestone DN, Jimenez-Briceno L, Reimann JO, Talavera GA, Polonsky WH,
Edelman SV. Predictors of diabetes-specific knowledge and treatment
satisfaction among Costa Ricans. Diabetes Educ. 2004;30:281–92.
61. Holmes J, McGill S, Kind P, Bottomley J, Gillam S, Murphy M. Health‐related
quality of life in type 2 diabetes (T2ARDIS‐2). Value Health. 2000;3:47–51.
62. Kontodimopoulos N, Pappa E, Chadjiapostolou Z, Arvanitaki E,
Papadopoulos AA, Niakas D. Comparing the sensitivity of EQ-5D, SF-6D and
15D utilities. Eur J Health Econ. 2012;13:111–20.
63. Watkins K, Connell CM. Measurement of health-related QOL in diabetes
mellitus. Pharmacoecon. 2004;22:1109–26.
Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
Kueh et al. Health and Quality of Life Outcomes  (2015) 13:129 Page 11 of 11
